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sequences in video encoders 



(57) A method of filtering noise of digital pictures 
comprises selecting a first set of pixels 
(WORKING_WINDOW) constituted by the union of a 
pixel of the cun^ent picture to be filtered (P) and of a sec- 
ond set of pixels temporally and spatially near 
(PIXEL^NEAR) to said pixel, calculating a certain 
number (N) of extended sums (SUMI^ of values 
assumed by as many pre-established weight functions 
of the intensity of a selected video component (1^ on 
the first set of pixels (WORKING.WINDOW). The pixels 
of the second set of pixels near (PIXEL_NEAR) can 
belong to the current picture or to a preceding picture. 

Several noise filters for digital pictures implement- 
ing the method of the invention are also presented. 
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Description 

FIELD OF THE INVENTION 

5 [0001 ] The present irrverrtion generally relates to the video image processing and in particular to techniques for fil- 
tering the noise of digital video pictures. 

BACKGPQUNP OF THE INVENTION 

10 [0002] The present invention is useful for filtering digital video sequences corrupted by high noise levels. 

[0003] Because of the particular importance of the MPEG standard in treating digitized video sequences, to illus- 
trate an implementation of the method here proposed, reference will be nnade to an MPEG2 system, though the method 
of the invention remains perfectly usable even in systems for transferring video sequences based on different stand- 
ards, as established from time to time. 

IS [0004] The main application of the invention is picture pre-processing t>efore the MPEG2 or other standard coding, 
tMJt it is possible to exploit the invention even outside a coding process, for example in a TV set for filtering the pictures 
to be displayed upon reception. 

[0005] The pre-processing of pictures to be coded according to ttie MPEG2 standard Is an operation that affords a 
great enhancement of the coding efficiency.^ ^ 
20 [0006] Many filtering techniques of pictures have been developed.^ 

[0007] In the majority of cases a burdensome aspect of those techniques is a high calculation power requisite, or 
of several iterations on the sanne picture. As a consequence, they are eitiier too expensive or hardly implementable for 
real-time video applications. 

[0008] The real-time video filtering techniques so far realized^ base the filtering operations on the separation dis- 
25 tances among the unfiltered gr^ level of the pixel to be filtered (Pq) and the grey levels of other pixels of a woridng win- 
dow. The effectiveness of the filtering is in this case inversely proportional to such a distance. As a consequence the 
pixels for which such a distance is large are not involved in the filtering operations. 

[0009] This is a coarse method of segmenting the picture that avoid the calculation of the average of pixels belong- 
ing to different objects, operation that would cause an out of focus of the picture and, in the case of a temporal filter, 

30 also the appearance of "traits'. 

[0010] The document WO 97/30545 discloses a motion-compensated recursive filter based on the above method. 
Such a fitter, depending on the absolute value of the difference between ttie cun-ent pixel and ttie corresponding pixel 
in the preceding picture, establishes the value of a coefficient and combines a firaction 3 of the cunent pixel with a 
fraction 1-p of the corresponding pixel in the preceding motion-compensated picture. Such a system is substantially an 

35 MR adaptive filter of ttie first order. 

[001 1 ] Such a technique has ttie drawback of leaving unchanged the cun^ent pixel if it is too much different ffnxn the 
con-esponding pixel of the preceding picture, even if such difference could be due to noise. 

[0012] The document EP 0 878 776 A1 discloses a spatial adaptive low pass filter, whose adapting mechanism is 
based on the calculation of the difference among Pq and the other pixels of the working window. A local evaluation of 
40 certain parameters of the picture is carried out (for exanrtple, whether the considered pixel belongs to an unifbnn zone 
or not) and on that base it is decided whether the pixel to be filtered is near to or far from the other pixels, kyy way of a 
frizzy logk: process. 

[001 3] Near pixels are given more weight than far pixels in the catoulation of the value of tiie filtered pixel. 
[001 4] Even in this case the effiectiveness in presence of high noise levels is not high, because the control that is 
45 made to assess whether the considered pixel belongs to an unifbmn zone (and so if it is possible to filter more) or not is 
based on distances among P and the surrounding pixels. 

[0015] In the article 'A mettiod of noise reduction on frnage processing", IEEE Transactions on Consumer Electron- 
ics, Vol. 39, N. 4, Nov. 1 993, S. Inamori et al., a temporal filter is described, based on the one described by Dubois and 
Sabri^, but more sophisticated, wherein the input-output characteristic is adaptively chosen in function of the expected 
so power of the noise. The filter is tumed-off tiy s'^nals coming from a motion detection section, to avoid the generation of 

^ A.van der Werf et al., 'LMdC: a singlo-chip MPEG-2 video encoder for storage', IEEE Journal of Solid-Slate Qrcuils, VdL32. 
n.11, Nov.1997. 

^Lyar\, "Noise reduction for MPEG type of codec*. Proa IEEE Int Conf Aooust. Speech, Signal Process., 1994. 
^ ^J.C.Biailean, RRKteihorst, SBstiatiadis, A.ICKatsaggelos and R.LLagendijk, 'Noise reduction filters for dynamic image 

secpjences: a review*, Proa IEEE, vol33, pp-1270-1292, Sept1996. 
^E.Dubois and S.Sabri, "Noise reduction in image sequences using motion-compensated temporal fiHerinsf* IEEE Trans, on 

Communications, vol COM-32, ppL826-a31, JUly 1984. 
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trails, and by an edge detection block to prevent causing an out of focus of the picture. 

[001 6] Even this filter has the sante drawrbacks of the previously mentioned types of filters and must be turned off 
in presence of noise peaks. 

[0017] These known techniques become unsatisfactory in presence of high noise levels. It becomes necessary to 
5 tum off the filler every time a noise peak ('spike") is superimposed to the pixel Pq being processed. High noise peaks 
are noise samples of value much higher than other samples. These noise peaks have a rather small probability but not 
null, because the queues of the stochastfc distribution of many kind of noise (e.g. gaussian noise) are theoretically infi- 
nite. 

[0018] In such cases, the above mentioned known filters, always interpret higher than nonnal differences among 
10 the cument pixel and the neighbouring pixels as if the picture is not stationary and never as if the pkrture be conrupted 
by noise. Therefore, the perlbmiance of noise reduction of the filters is sensibly limited. 

[0019] A well known technique for selecting tiie pixels of the working window is ttie so called 'Duncan Range Test" 
(DFIT)^ that has been used witii good results^. In order to highlight the characteristics of the DPCV, a brief description 
follows. 

IS [0020] Let us suppose to have a set of data, for example the luminance values of the pixels to be filtered, organized 
in an increasing order 

ff(i)^fl^C2)^ -^i^c^) 

20 where the numt)er in parenthesis indicates the position assumed in the ordered set 

[0021] The DRT is based on the definition of a set of 'similar* values, meaning that two values are considered 'sim- 
ilar if: 

25 — ^P|/-/|,o 

where 

30 • o„ is the standard deviation of the superimposed noise, that is considered known; 

* Pi^ii.a a >^Iue that depends by the predston level a of the test, by the number 1/ — yl of data, tiiat in the specifte 
case is a number of pixels comprised between g^g^ e g^y and by the stochastic distribution of the noise, a repre- 
sents the probabifity of taking a wrong decision: obvtously tiie smaller is a, ttie smaller is p, and so the more restrc- 
35 tivethetestis. 

[0022] With these premises, the object of the DRT is to find the sub-set containing the cunentptxelPo and inchiding 
the greatest numt)er of 'similaf pixels, 

[0023] In other words it must be determined the sub-set of pixel: 

40 

where / and J are such that 

45 

j-i^MAX{f-V) ^^leiey' and /'satisfy the condidoas 
'•/* 

so 



[0024] The successive filtering operations are perfomned only on the pixels belonging to the selected range. Nota- 
55 biy the DRT does not have as unique reference value the value of Pq in estabfishing which pixels are to be filtered 

^aaOuncan, "MuKipte ranga and multiple Masts', Biometrics, vol.11, pp. 1-42, 1955. 
^R.RKIeihofst. ftoise fOtBring of Image sequences'. Ph.a Thesis TU-DeKl, Information Theory 



3 



EP 1100 260 A1 



together with the current pixel and which pixels are not to be filtered Substantially; this test is based on an external 
measurement of the standard deviation of the noise o„ to test all intervals containing Pq, not necessarily synrtmetrlcal 
to it, and select the interval containing the largest numk>er of data, that is of pixels. 

[0025] The DRT has been implemented for realizing filters for digital pictures. Such filters, showing a retefive insen- 
5 sibilrty to the value to be filtered Pq, allow to filter more effecdvety in rather unifomi zones, where the noise is more read- 
ily detectable, though safeguarding the contours of objects and avoiding the fonnation of trails". 
[0026] Despite the simpGdty with which the DRT may be described, it inrtpties relevant difficulties to determine the 
set of data to process. In fact, the amplitude of the Interval, given by the product a„ • p|f./i,a> depends on many factors, 
such as the precision level a of the test, the noise level a„ and the number of pixels that are comprised in this range. 
10 The latter dependency, in particular, greatly connpllcates the algorithm, because it makes necessary the testing of a 
great number of sub-sets of pixels containing Pq, before being able to identify the sub-set containing the largest number 
of data. 

[0027] There is a need for a filter for digtal video pictures based on a filtering method that while retaining the advan- 
tages of the DRT, 

15 

• does not leave unattenuated large noise peaks, because this would gravely degrade the efficiency of the MPEG2 
coding and of any other system of video compression downstream of the filter, and 

• does not invoNe a high computational complexity, because otherwise the cost for real-time video appfications would 
20 be prohibitive. 

OBJECT AND SUMMARY OF THE INVgmiON 

[0028] It has now been found and is the object of the present patent applk^tion a new filtering method and the rel- 
25 ative filter for digital video pictures having all the advantages of the DRT while eliminating almost completely the noise 
peaks and being relatively easy to implement, making it relatively inexpensive for use in realtime video applications. 
[0029] More specifkally, the object off the present invention consists in a metiiod of filtering the noise of digital pic- 
tures that comprises selecting a first set of pixels constituted by a pixel to be filtered of the cunrent picture and by a sec- 
ond set of pixels temporally and spatially near the pixels of the first set, calculating a certain number of extended sums 
30 of values assumed by as many pre-established weight functions of the intensities of a filtered selected video component 
on the first group of pixels, and cakxilating the intensity of the filtered selected video component of the pixel to be filtered 
in function of said extended sunns and of the sums weighed with the weight functions of the intensities of the selected 
video component over the first set of pixels. 

[0030] The method of the invention can be implemented even choosing the pixels of the second set of pixels exdu- 
35 sively from the current picture or from a preceding picture. 

[0031] A simple embodiment of the method of the invention is realized making each of the pre-established weight 
functions specular to a respective central value cakujiated in function of the unfiltered selected vhteo component In the 
pixel to be filtered and on the noise level. 

[0032] According to a preferred embodiment off the method, the intensity of the selected filtered chosen video com- 
40 ponent of the pixel to be filtered Is a weighed average with pre-established weights of the ratios among the weighed 
sums and the extended sums. 

[0033] The method off the invention is amenable to have a hardware emkx)diment in the form of a noise filter for dig- 
ital pkmjres comprising a certain nunrter of first circuit bkxAs, each being input with a set of pixels composed of a pixel 
to be filtered of the cument pbture and of a second set of pixels temporally and spatially near to the pixel to be filtered, 

45 each block producing an extended sum of the values assumed by a respective pre-established weight function of Irrten- 
sity of a selected vkteo component on the first set of pixels and producing the weighed sum with the respective weight 
function of the intensities off the selected video component on the first set of pixels, and a second circuit block, having 
inputs coupled to ttie outputs of said first circuit bk)cks, cak:ulating the intensity of the filtered selected video component 
in the pixel to be filtered in function off said weighed sums and the extended sunns. 

50 [0034] The above descnl)ed filter is preferably realized making each weight function specular to a respective central 
value calculated In function of the intensity of the unfiltered selected video component of tiie pixel to be filtered and of 
the noise level. 

[0035] According to a prefened embodiment off the Invention, the weight functions of the filter are detemnined In 
function of a signal of tail detection. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS ' 

[0036] The particular aspects and advantages of the invention will become even more evkient from the description 
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of several embodiments of the invention made with reference to the attached drawings, wherein: 
Rgure la shows a typical shape of the weight function of the DRT; 
5 Figure lb shows a possible shape of the weight function of the method of the invention; 
Rgure 2 is a basic structure of a filter made according to the invention; 

Rgure 3 depicts an example of the choice of pixels temporarily and spatially near a pixel of the current picture 
10 being filtered; 

Rgure 4 is an ^cample of a quantized weight function; 

Rgure 5 depicts a basic diagram of an embodiment of the filter of the invention including a circuit lor detecting 
IS trails; 

Rgure 6 is a sample diagram of a drcuit for detecting trails; 

Rgure 7 depicts a coupling circuit of the filter of the invention to an MPEG2 encoder; 

20 

Rgure 8 depicts a coupling circuit of the filter of the invention to a motion-compensation circuit 

DESCRIPTION OF SEVERAL EMBODIMEf^OFTHE IIMVENTIQN 

25 [0037] The main difference between the proposed method an the DRT, resides In the way the pixels to be filtered 
are chosen and in the operations that are made on said pixels. 

[0038] The DRT Implies the choice of the largest set of pixels 'similar* to the pixel to be filtered, on which the filter- 
ing operations are successively made. From a mathematicai point of view, considering only the pixels of the chosen set 
and neglecting the others is equal to weighing with a "1 " coefficient the pixels of said chosen set and with a '0' coeffi- 
30 ctent the pixels outside such a set, so weighing pixels with a 'rectangular' weight function, as the one depicted in Rg. 
1a. 

[0039] The choice of such a weight function, although offering the possibilrty of effectively filtering unifonn zones of 
pictures while safeguarding the contours of objects and so avoiding to create out of focus effects in the filtered picture, 
does not eliminate the nuisance represented by noise peaks. 
3S [0040] The method of the invention overcomes the so far unresolved problems caused by large noise peaks by 
employing weight functions of shape as generally depicted in Rg. 1b^ ideally obtained by attaching appropriate queues 
to the rectangular weight function of the dasste DRT. 

[0041] Substantially^ for each available weight fonction 1^, the sum of weighs SUMkj in con-espondence of the val- 
ues of the intensity of the selected video component in the pixel to be filtered and in near pixels, is calculated. Once the 
40 weight function ku nrmximizing such a sum of weights is determined, such a function is used for the following filtering 
operations. 

[0042] An important result is the almost complete deletion of noise peaks that the known filtering mettiod based on 
the DRT 1^ unattenuated. In fact, when a noise spike happens to be superimposed to the cun^nt pixel, because of the 
queues of the weight function it is pos»ble to invoke in the filtering even pixels with levels of the selected component 
45 (e.g. luminance) very different from that of the cun^nt pixel Pq. By elaborating such luminance levels, for example by 
canning out a weighed average, it is possible to practically delete the noise pulse. 

[0043] Another rmportant difference between the method of the invention and the DRT consists in the relatively 
smaller number of operations that are required by the novel method of the invention, which is an essential aspect to 
make less expensive its use for real-time video appfications. 
so [0044] While in the DRT the amplitude of the interval to select depends on many factors, such as the precision level 
a of the test, the number of pixels inside the interval and the standard deviation a„ of the superimposed noise, in the 
proposed method the weight fonctions do not depend on the number of pixels inskle the Interval and on the value of a 
but on the noise level NL In this way the dependencies that made the computational complexity relatively high are prac- 
tk»lly eliminated 

ss [0045] Given that often the noise level can be conveniently descn'bed by its standard deviation a„, in ft\e following 
description an embod'vnent of the invention refem'ng to such a particular case will be considered, though the invention 
remains perfiectty usabfe even when choosing a parameter for descrfoing the noise level NL different from it standard 
deviation a„. 
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PMMC] Moreover, while the DFTT tests any possOjte interval containing Pq, the method of the invention contemplates 
the testing of only a relatively smaller number of such intervals though preserving the advantageous aspects of the 
DRT. 

[0047] The only disadvantage of the method of the invention compared to the DRT is represented by a slight com- 
5 plication of the operations required for choosing the group of pixels on which to work, that is the WORKING_WINDOW, 
because of the presence of queues in the weight function. Nevertheless, if such a set contains a sufficiently large 
number of pixels, it has been observed that the filtering becomes relatively insensitive to the actual shape of the 
queues. Therefore, it is possible to quantize in any manner the weight function only, by assigning to it only values equal 
to powers of 2, thus greatly simplifying a hardware realization. 
10 [0048] The simplest embodiment of a filter implementing the method of the invention is depicted in Rg. 2. 

[0049] The block WORKING WINDOW selects the set of pixels composing the WORKING_WINDOW, comprising 
the pixel P to be filtered betonging to the cunrent pteture and a second set of pixels PIXEL_NEAR, temporally and spa- 
tially near P. 

[0050] Such a second set, PIXEL.NEAR, can be composed of pixels belonging only to the cun^nt pteture, or of pix- 
75 els belonging to the current picture and of pixels belonging to preceding pictures. 

[00511 "nie values of the pixels of the window are then input to an anay of N blocks (RANGEj, where j=1 ,2 N), 

each block effecting the weighing of the intensity of the selected video component, according to its own weight funcb'on, 
In the pixels of the WORKING.WINDOW. 

[0O52] The blocks RANGEj may be provided with information on the noise level NL, in order to produce its own 
20 weight functions based on the noise level NL 

[0053] Such blocks output respective extended sum, 

SUMk,- ^k, . 

Of the 

[0054] values assumed by its own weight function on the pixels of the WORKING.WINDOW and tiie respective 
30 weighed sum. 



Of the intensity of the selected video component 

[0055] The block FILTERING SECTION provides ttie value of the intensity of the filtered pixel FILT. 
P056] In the mentioned figure, reference is made to a particular embodiment of the method, in whbh before ttie 
40 FILTERING SECTION there is a block, RANGE SELECT, coupled to the outputs of the N blocks RANGEj, that performs 
the selection of the maximum extended sum SUMk^ and the respective weighed sum SUMkXM. 
POST] One of ttie possibilities of implementing the block FILTERING SECTION is that of cateulating a simple 
weighed average of pixels of the chosen inten/al, le. to make 



so 



FILT=/i = 



[0058] In another alternative the weighed sum |i can be combined witti the current pixel, for example: 
ss FILT=|i+a*(Po-U) 

wherein the coefficient a is established, for example, depending on the chosen interval for the filtering operations. Such 
a coefficient a can be even calculated depending on the value of the kxal variance g| the pteture, compared to a 
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parameter representative of the noise level, that can be for exannple the noise variance , as in a switching filter^ 



10 [0059] Generally the FILTERING SECTION can calculate the value of FILT starting from all the values of SUMIo and 
SUMIoCf. 

[0060] The WORKING WINDOW t)lock defines the set of pixels, WORKING.WINDOW, that can comprise, as 
shown for example in Rg. 3, pixels belonging to the current picture and to a preceding picture. The latter may be the 
picture conupted by noise or the filtered picture. In any case the WORKING^WINDOW can be only of spatial kind if it 

15 is not available a frame menrtory storing the current picture or the preceding pictures. 

[0061 ] One of the possible ways of producing the different weight functions is to make them of the same shape, as 
exemplified in Rg. 4, and to centre them on different posittons, CENTER), for each block, RANGEJ. 
[0062] The set of possible values of CEfslTER] for the various blocks RANGE] is deckled in function of the intensity 
of the selected vrdeo component in the pixel to be filtered, Pq, of the index j and of the noise level NL which, according 

20 to what has been stated akKsve, can be fully described by a„: 

CENTERj = CENTER(Po,a„.y) 
[0063] An example of a possible chok:e of the values of CENTERj is given by: 

25 

CENTERJ = Pj, + ?^(y.l)-a„ where / = 



30 which produces N values of CENTERj equally spaced between Pq - a„ and Pq + o„. 

[0064] Only by way of an example, a possible shape of a weight function is depk;ted in Rg. 4. The separation of the 

thresholds Th1 , Th2 ThM from CEf^R] Is intended as a function of a„. The indteated coeffk:ients are equal to 

powers of 2, tiius simplifying the hardware realization of the filter, but nothing forbids to give them different values in 

case, for example, the filter of the invention is employed in a non real-time application. 
35 [0065] Because the filter depfcted in Rg. 2 is not provided with a estimator, in order to get an estimation of the 

noise level rt is possible to use an automatic system, or a manual external regulation of the desired degree of filtering. 

In both cases it is possible to over-estimate a„, and so. In the case of a spatio-temporal window, to produce artifacts 

such as "trails" (known in Hterature as "comet tails" or simply as "trails"). 

[0066] It is necessary in such cases, a circuit block for detecting an eventual generation of trails ("tails detection*) 
40 in order to be able of regulating accordingly the filtering operations. A system provided with such a block of tail detec- 
tion, TAIL DETECT, Is deputed in Rg. 5. 

[0067] As shown, the block RLTER, comprising the bk>cks RANGEj where ^1 ,2,...,N, RANGE SELECT and FIL- 
TERING SECTION, is coupled to the TAIL DETECT block that examines the pixels of the WORKING.WINDOW, even- 
tually generating a tail detection signal TD. 

45 [0068] In the case of tails detection, many different comections of the problem are possible. For example, the block 
FILTER may disat)le the filtering depending on such signal TD and output the value of the current pixel Pq, or may per- 
form the filtering only on pixels belonging to the cument frame or, may reduce the Influence of pixels of the preceding 
pk:ture on ttie filtering process. Therefore, the block RLTER depkAed in Rg. 5 may include dedk»ted drcuits that, 
depending on the signal TD, generate the desired control action. 

30 [0069] An example of how the block TAIL DETECT^ may be implemented is depicted in Rg. 6. The difference 
among pixels of the cunrent pnture and the con^esponding pixels of the preceding pteture is carried out tyy the blocks 
DIFR The bkx^ks DIFF are coupled to as many blocks SIGN BIT producing the bits indcating the sign of the relative 
differences, which are input to the blocks ALLO and ALL1 , outputting a 1 if the bits input are all 0 or all 1 , respectively. 
The output flag TD is produced by the locpc OR of the outputs of ALLO and ALL1 . 

55 

^R.P.KIeinhorst, 'hk)ise fiHering of Image sequences*. Ph.D. Thesis Tli-Delfl, Information Theoiy 

^S.Inamori, S.\&unaiicN, ICFukuhaia, "A method of noise reductkm on Image piocessin^, IEEE Transaction on Consumer 
Electronks. Vbl39, N.4, rtov.1993. 
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[0070] The filter can be upstream of an MPEG2 encoder, as depicted in Rg.7, or may k>e included In it^. 
[0071] As shown, an MPEG encoder, outputting a coded bitstream OUT, is coupled to the output of the FILTER of 
the invention that perfomns a preprocessing of the input picture INR using delayed replteas of pictures provided by a 
delay block DELAY 

5 [0072] The MPEG encoder may include a block for motion-estimab'on to nnake a motion-compensated filtering, thus 
Increasing the effidency of the filtering and of the coding. 

PMI73] It is even possible to use a motton-compensatkm filter separated from an MPEG2 encoder, according to the 
diagram depicted in Rg. 8. 

[0074] The fitter of the invention RLTER receives at its input the pkmire to be filtered INP and a predk:ted picture 
YO PRED, and outputs a filtered pkrture OUT. The predicted picture PRED is obtained by means of the comt)ined action of 
a motion-compensation block MC, a nrK>tion estimator block ME and a delay block DELAY. 

[QOTS] The motion estimator ME produces, from the cunrent picture INP and from replicas of previously filtered pic- 
tures OUT, suitably delayed by a delay bkx^k DELAY, tire motion vectors MV that are used by the motion-compensation 
block MC. The motion- compensation bUxk MC calculates a predkrted pk:ture PRED as a function of the motion vectors 
75 MV and of the delayed pictures provided by the DELAY. 

[0076] Tests have confirmed that the same hardware structure used for filtering luminance is perfectiy usable also 
for filtering chrominances. It is possible to use 3 kJentical filters for each of the video signals, as long as they are pro- 
vided with appropriate values of respective noise levels that are generally different for the 3 video signals. 

20 Claims 

1 . A method of filtering noise of digital pKtures comprising 

selecting a first set of pixels (WORKING^WINDOW) constituted by the union of a pixel of the cunent picture to 
25 be filtered (P) and of a second set of pixels temporally and spatially near (PIXEL.NEAR) to said pixel; 

calculating a certain numt>er (N) of extended sums (SUMI^ of values assumed by as many pre-established 
weight functions of the intensity of a selected video component (k|) on said first set of pixels 
(WORKING_^WINDOW). 

3o 

2. The method of daim 1 wherein pbcels of said second set of pixels near (PIXEL__NEAR) belong to the current pk:ture. 

3. The method of daim 1 wherein pixels of said second set of pixels near (PIXEL.NEAR) belong to a preceding pic- 
ture. 

35 

4. The method according to one of preceding daims wherein said pre-estBt>lished weight functions are specular to a 
respective central value (CE^'ERj) cateulated in function of the unfiltered selected video component of said pixel 
to be filtered (Pq) and of ttie noise level (NL). 

40 5. The method according to one of preceding daims wherein said intensity of the filtered selected video component 
of the filtered pixel (FILT) is a weighed average witti pre-established weights of the ratios among said weighed sums 
(SUMk)^) and said extended sums (SUMI9. 

6. The method of claim 5 wherein saki intensity of the filtered selected video component of the filtered pixel (FILT) is 
45 the ratio Qi) between a weighed sum (SUMkxjyi) and the respective extended sum (SUMk^) chosen such that the 

respective extended sum (SUMk^) is the greatest among said extended sums (SUMkj). 

7. The method of daim 6 wherein the intensity of the filtered selected video component of the filtered pixel (FILT) is 
calculated as the sum between said ratio (p) and a coeffU^tent whk:h is proportional t)y a positive coeffident not 

50 exceeding the unity (a) to the difference between the intensity of the chosen video component non filtered in said 
pixel to be filtered (Pq) and said ratio (p). 

8. The method of daim 7 wherein said coeffident (a) is cateutated as a function of the ndse variance (On^) and the 
local variance of the current pk:ture (Og^. 

55 

9. A noise filter for digital pk:tures comprising 

^ W.Bruls, R.P.KIeihorst A. dar Wsif. patent WO 97/30545, filed 23^/1997. 
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a certain number (N) of first circuit blocks (RANGEj) each receiving on an input a set of pixels 
(WORKiNG_WINDOW) constrtuted by a pixel to be filtered (Pq) of tiie cun-ent picture and by a second set of 
pixels (PIXEL_NEAR) tenriporally and spatially near said pixel (Pq), each block producing an extended sum 
(SUMkj) of the values assumed by a respective pre-established weight function of the intensity of a selected 
5 video component (1^ of said first set of pixels (WORKING.WINDOW) and producing the weighed sum with the 

respective weight function of the intensities of the selected video component (SUMkXj) of said first set of pixels 
(WORKING.WINDOW), 

a second circuit block (FILTERING.SECTION) coupled to the output of said first circuit blocks (RANGEj) Cai- 
ro culating the intensity of the filtered selected video component of the filtered pixel (FILT) in functton of said 
weighed sums (SUfMk)^) and of said extended sums (SUMkj). 

1 0. The filter of daim 9 wherein each of said weight functions (1^ is specular to a respective central value (CEhiTERj) 
cak:ulated in function of the intensity of the unfiltered selected vkJeo component of said pixel to be filtered (Pq) and 

IS of the noise level (NL). 

11. The filter of claims 9 or 10 wherein said weight functions (kp are determined depending on a tail detection signal 
CTD). 
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